



Da.t..e: of Degree: !tuei1st 2, l9S6 
Jc/J.l~ a.rd Uethod o:f Report: Reading resea.r,ch in the i1mvenity 
liblfary was done to try to determine the rol~ and 1mporta:nee of 
emmatry in the high school cnrrimilurn,.. l.abora;r.ory ·research 
was employed to 'learn hw etama:rd ehemistry demonstrations am 
experiments ean oo cO'i:ducted success.fully am effectively .. 
Analytical Pl'OOedtu-e:s· as given in high sehool laooratol".;r ma'mmls 
¥tere surwy-ed a.rd. te,tetl ln the lttooratoey. 
F'iooings and Cone11-is:ions; The high school chertus~J eo't,u-s-.) is acceptiea. 
a~ a 11ecestat4ey part of the C'.ll"ricnl1w iii a.11 schools (Jxeept vary 
Sirall -0:aes whfJre laelt o:t pe:rsormel am equipr:aent p-:eevertt its 
inclJ1sii:a1. Seemingly :mi.r.Dr cbangee :Lzi proca{1itlres and teo-lmiqr.1.es 
can pr:oduce rn::rt.ieeable .iraprowm.ent in· .a.n e~rimen.t,. S'llggested 
oMn~s are included in the coilclusions i'ollotd.ng the various 
e,;,:eriments. i!"'nalzirtic:a.l proced.u:ree are an inportant '.part oi tbe 
high $chool laboratory work in chemistry. J\.. :t.Nse,ntrm.en:led: iummu.m 
aWtO'Unt and variety o.t" m.,eh proe~lttras is rJJad& by the V;ll'i tet' .. 
IMPROVING CHEMISTRY INSTRUCTION 
By 
THELl/A JOLLY SEA.LS 
Bachelor of Science 
Oklahoma State University 
Stillwater, Oklahoma 
1947 
Master of Education 
University of Oklahoma 
Norman, Oklahoma 
1956 
Submitted to the faculty of the Graduate School of 
the Oklahoma State University in partial 
fulfillment of the requirements 
for the degree of 
MA.STER OF SCIENCE 
August, 1958 
IMPROVING CHEMISTRY INSTRUCTION 
Report Approved: 
Dean of the Graduate School 
ii 
Preface and Acknowledgements 
The purpose of this report is the same as that of the National 
Science Foundation Teacher Training Program. That of course is to 
improve the teaching of science and mathematics in our schools. A more 
specific purpose is to increase my efficiency as a teacher of high school 
chemistry. 
It is not uncommon to find reports or articles relating to quickie 
demonstrations to be used in chernist,ry classes. However little work 
seems to have been done to revise and improve experiments which are 
used as an integral part of every high school chemistry course. 
This report is a summary or survey of work done in the laboratory 
and reading done in the library aimed at promoting more successful 
and/or more effective demonstrations and experiments in my future 
chemistry classes. 
I deeply appreciate the suggestions made by Dr. James H. Zant 
to guide me in the preparation of this report. 
I also gratefully acknowledge the help of Dr. George Gorin and 
Mrs. W.iargaret Butler in connection with the laboratory work upon which 
this report is largely based. 
The writing of this report has been made possible by the financial 
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CHENJISTRY IN TODAY'S HIGH SCHOOL 
One of the most intriguing aspects of high school science teaching 
is the constant change in subject matter resulting from new discoveries, 
new inventions and especially new truths which are revealed. In a field 
like chemistry facts can never be treated as more than mere statements 
of our present statu.s of knm~ledge.1 Science as a whole and especially 
certain disciplines are changing so rapidly that the teacher who 
doesn't keep up with current advances not only fails to present current 
information but has no pool of knowledge on which to draw to meet the 
specific and changing interests of his class.2 In no field of science 
does knowledge which one gains in college remain adequate for any 
substantial length of time. To coast on that knowledge provides 
totally inadequate background for the student being instructed. 
It is alarming to professional school people as well as to laymen 
to read reports about the inadequate training of some of those now 
teaching high school science. The quality of our science teachers is 
crucial and so is their :number.3 
l:Frederick B. Dutton, "Editors Outlook,n Journal of Chemical 
Education, 34:2, January, 1957. 
2Alden H. Emery, "The Education Team, r,t ~ Science Teacher, 




A popular hypothesis regarding science teachers as reported by 
Harlow is that 11high school teachers are and have been inadequately 
trained in science; the enrollments in high school science would have 
remained high if adequately trained science teachers could be retained 
in the schools and enrollments can be increased if effective on-the-job 
training in science is provided for science teachers .114 
It is no doubt true that many high school science teachers are 
inadequately trained in science. It is certainly not true that all 
science teachers are inadequately trained. There is ample evidence 
that many teachers recognize a deficiency and desire additional training 
in science. An outstanding example is the large rrumber of applicants 
for the National Science Foundation Training Program for Teachers. 
To the laymen and even to non-science teachers it may seem in-
consistent that science teachers work for advanced degrees in education 
rather than in science. An examination of the prerequisites for admission 
to courses granting graduate credit shows one good and sufficient reason 
that they do.5 The preparatory work of the science teacher encompasses 
a wider base and less depth at any one point than that of other teachers. 
The greatest assurance of sound teaching in any field is a thorough 
knowledge o:f. subject matter. It has been reported that other factors 
being equal effective learning is more likely to occur when the teacher 
has a broad background of knowledge in the particular science he is 
4James G. Harlow, ~•The Secondary School Science Problem," Science 
Education, 41:114, March, 1957. 
5Fraderick B. Dutton, "Editors Outlook, 11 Journal of Chemical 
Education, 33:313, July, 1957. 
3 
teaching as well as in related scientific areas.6 However, it is just 
as unreasonable for the science teacher to contend that anyone who knows 
his subject :matter can teach as it is for the educational faddist to 
contend that anyone who can teach can teach anything. 
The quantity and quality of the offerings in science and mathematics 
in our high schools have a very direct bearing on our supply of scien-
tists and engineers for industrial progress, teaching, national defense 
and fundamental research. In most cases, persons who make a career 
of scientific work discovered their interest before college, with the 
high school science class room and laboratory probably being the most 
important place for the awakening of that interest.7 
:Public education as a whole has experienced declines in percentage 
enrolL~ent in the physical sciences. Even though they typically exhibit 
well-trained staffs, the larger city school systems have experienced 
about the same decline as smaller systems.8 In some of these large 
systems a master's degree in the subject taught is a prerequisite to 
employment. Graduation requirement patterns have stabilized enroll-
ment in general science and biology in many schools of all sizes. 
Several suggestions have been advanced to explain low percentage 
enrollments in science courses, especially the advanced courses. 
Among these are: (1) students feel they are too difficult compared 
with other fields that are easier to enter and which pay as well or 
6warren Maynard Davis, "Factors of Effectiveness in Science 
Teaching," Science Education, 38:151, March, 1954. 
7w111 S. DeLoach, "-Chemistry and Physics Enrollments in Tennessee 
High Schools 1954-55, '' Science Education, 41: 197, April, 1957. 
8Harlow, p. 114. 
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better, (2) counselors are rarely familiar with or enthusiastic about 
the sciences, and (3) students have poor study habits and are ill-
prepared to master the sciences when they reach the eleventh grade. 9 
Telling a student he should take chemistry and physics if he plans to 
go to college, as is done in many high schools, does not give him any 
real reason for taking these courses. 
Teachers rrmst do a better job than ever before in making science 
a vital part of the total education of all young people. Chemistry 
is only a segment but a very important segment of science education. 
For success and satisfacM.on in modern l:i.ving, the citizen must under-
stand and appreciate the scientific aspects of his environment and the 
1 f . . th d 1 t f · · 1· 1- • lO roe o science in e eve opmen o our civi 1za-v1on. 
'rhe first purpose of the high school che:rristry course of today is 
to contribl1te generously and effectively to the general education of 
all students enrolled •11 Because the products, methods, and objectives 
of chemistry have such a large influence on our daily lives, it would 
seem no one could be considered an educated person without some know-
1 ' f the b" t 12 eage o su Jee • 
The teacher of general chemistry has both the opportunity and the 
obligation of helping his students to see his subject in relation to 
9vvillard L. McRoy, "Chel11istry Instruction in California High 
Schools," Journal of Chemical Education, 34:139, March, 1957. 
lOBernard Jaffe, New World of Chemistry (New York, 19.55), p. iv. 
11i=tobert H. Carleton and Floyd F. Carpenter, CheJ!Ehstry for the 
New Age (Chicago, 1949), p. iii. 
12George M. Rawlins and Alden H. Struble, Chemistry in Action 
(Boston, 19.56), p. v. 
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the whole field of knowledge. The teachers who show the place of 
chemistry among the other natural sciences and the relation of science 
to other disciplines can help a great deal in reducing the intellectual 
provincialism among his students.13 
Science courses, including chemistry, should be so taught that 
they condition the behavior of those who study them. As long as the 
acquisition of facts is the chief purpose of che~~stry teaching, other 
important educational values such as development of.desirable habits 
and attitudes will come out a poor second. 
The study of science should cause all students to take a new 
interest in some of the conm1on factors of our environment, while some 
may find sufficient interest in some phase of science to pursue its 
study and application as a life vocation. The high school chemistry 
course will acquaint students with the chemical nature of many of the 
materials of everyday living and with chemical processes used in the 
manufacture of many commercial products. Most students will acquire, 
in some degree, an appreciation for the methods of industrial and 
research chemists. 
As has already been stated, the first purpose of high school 
chemistry is its contribution to general education. A second purpose, 
of only slightly less importance, is to help lay the foundation needed 
b t d nt " 1 ,_ · 1· +· · sci·ence 1.-i·ela's.14 S b" t y some s u e s i or a ·cer specia :i.za u1on in ~- u Jee 
matter and activities o:f the chemistry course are selected for their 
l3Ed.ward C. Puller, nchemistry In :Perspect.ive,ri Journal of 
Chemical Edu~_tion, 34:110, J\&3.rch, 1957. ---- -
lhcarleton, p. iii. 
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potential value in promoting growth in knowledge and understanding of 
the more important concepts and principals of chemistry, growth in skills 
and abilities involved in scientific problem solving, and its develop-
ment of attitudes and appreciations characteristic of the scientific 
habit of mind. 
A group of college teachers has listed five major pedagogical 
problems which all high school and college chemistry teachers must 
1r:: face: _,, 
1. Teaching systematic thinking. 
2. Making students science conscious and science curious. 
3. Stimulating student imagination. 
1.i. Instilling important principles of chemistry into the minds 
of students. 
5. Providing experience in and appreciation for experimentation. 
These problems are not peculiar to chemistry, but the chemistry 
teacher is in an excellent position to m~ke important contributions 
to their solutions. 
The high school chemistry teacher or other science teacher finds 
his task more complicated than it would otherwise be if he recognizes· 
the importance of working tmrarc1 differentiated objectives with the 
two groups of students comprising the typical class. These two groups 
parallel somewhat the two purposes of the chemistry course, given 
previously. The general education aspect is an important factor with 
both &,Toups, while the specialization foundation is much more important 
to those students who may choose a vocation closely related to science 
than to those who will not. 
A. more penetrating understanding of the tactics and strategy of 
the scientific endeavor is a crying need of the day--not only for those 
l.511Yilliam T. Lippincott, "College Teachers Look at High School 
Science," The Science Teacher, 23:181.i, May, 1956. 
7 
who would become scientists of one kind or another, but for all youth 
growing up in a world characterized by the philosophy of science and 
the impact of scientific research and its applications. The high 
school chemistry course should be a personal study of chemistry in its 
applications to the life of each student regardless of his ultimate 
life's work. At the same time it should present the fundamental theories 
and concepts which are so necessary for those who elect a career that 
. b ed. . 16 1s as on science. 
Even as teachers stress the general education values of chemistry, 
they recognize their responsibility for the nscience potential't among 
their students. There is more urgent need today than ever before to 
identify, nurture and develop the science-talented youth. Unfortunately 
or otherwise, one cannot always identify science potential. Some so-
called r,tbetter studentsH achieve less than mediocre success in life, 
while others who had to plug away to keep up with the class develop 
into outstanding men in the workaday world. 17 
James G. Harlow, who is well-known in science education in Oklahoma, 
conten:is that today's high demand for technical and scientific manpower 
is in large part due to the low birth rate of the thirties and the 
currently high military demand. The effects of the first of these will 
certainly pass, relatively soon, he says, and the second could virtually 
disappear overnight as the aftermath of a sharp reduction in inter-
16B. Smith Hopkins et al., Chemistry and You (Chicago, 1952), p. iii. 
17Roger J. Williams, "Forty Ways To Be Dumb, 11 Journal of Chemical 
Education, 34:261, June, 1957. 
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national tension. These facts il~Jlllinate a serious danger in planning 
a broadscale educational stimulation to meet short-range increases in 
demand. He cautions that heavy educational emphasis based on a current 
deJ11.and could, in a very few years, produce an extremely damaging public 
vlew of educational activity in this field as over selling.18 
The tremendous growth in chemical knowledge and its applications 
creates a problem for the teacher of high school chemistry. There is 
a body of principles upon which the science of chemistry has been 
built. Development of control over the 1tfundamenta.ls 11 and the ability 
to use them in explaining and predicting phenomena nmst be one of the 
major goals of instruction in high school chemistry. These fundamentals 
will enable young people to interpret and explain chemical aspects of 
the world in which they live and to gain competence in solving their 
problems of adjustment in the scientific world of today. Indeed there 
is a large body of chemical thought and reasoning which will always 
remain relatively unchanged and which must be thoroughly mastered as 
the basis of a chemist's training.19 Presentation of this matter is 
an unforgettable duty. 
Successful living in today's world demands that the citizen base 
his everyday thinking and actions on the best information available. 
The basic chemistry referred to above will help him to realize why the 
methods of science a.re superior to other methods of obtaining informa-
tion. In fact, there is a universally accepted conviction that the 
18 Harlow, p. 116. 
19Raymond B. Brownlee, Robert W. Fhller, and Jesse E. Vu'hitsit, 
Elements of Chemistry (Boston, 1954), p. ii. 
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greatest contribution science has to offer, for both the general and 
prespecialization student, is its method. 
Add to the fundamentals the rapidly growing areas of plastics, 
textiles, metallurgy, petrochemistry, nuclear energy, biochemistry and 
organic chemistry. The task facing the chemistry teacher would appear 
to be an impossible one. Following a careful exanunation of the 
20 
situation, Wisconsin chemistry teachers reached these conclusions: 
1. Chemistry teachers must contimially and carefully examine the 
subject matter content of their courses with judicious 
revision in viffi'f. 
2. If the high school chemistry course is to be kept up to date 
it seems obvious that the first requirement is that the teacher 
be up to date in his knowledge of chemistry and its applications. 
3. Quality in teaching is more :important than quantity; it is 
not a crime not to cover the entire textbook. 
It is reasonable to assume that acquiring ability to use the 
methods of science can best be accomplished through allowing, or better 
still, requiring, students to practice the use of them. 21 It follows 
that the best place for such practice is in the laboratory phase of 
science teaching. The first step in learning the method of science is 
learning to distinguish carefully between what one observes and what 
one concludes from bis observations. 
Nothing can take the place of laboratory work in a beginning course 
in chemistry. No other science presents more attractive or more vivid 
phenomena than can be observed at first hand and from which the elemen-
tary theory of the subject can be built up by processes of simple 
20"High School Chemistry-Keeping the Course Up to Date,tt The 
Science Teacher, 23:407-8, December, 1956. 
21c1arence H. Boeck, "Teaching Chemistry for Scientific Method 
and Attitude Development, 11 Science Education, 37:81, March, 1953. 
10 
reasoning. The first experiment the student carries out should direct 
his attention to steps and procedures in scientific investigation and 
observation. Succeeding experiments should make these steps and pro-
cedures habitual and help the _student understand and remember facts 
and principles. 
Through experimental work students make simple chewical discoveries 
and applications. Through experimental verification they are convinced 
of the truth of the laws and theories of chemistry. The student repeats 
many of the classic experiments and thereby discovers the truths which 
the great pioneers established. The work nmst be done carefully, 
systematically and honestly, as it was done by the pioneers. 
Authors of laboratory manuals endeavor to write directions for 
experiments in such a way as to emphasize the importance of correct 
proceduxes and good techniques. However, nothing can replace a good 
example set by teacher demonstrations or the personal direction of the 
teacher in developing laboratory skills. The teacher nmst co·nstantly 
stress correct laboratory techniques. 
There are certain experiments which for various reasons are 
generally carried out as demonstrations by the teacher or students. 
Some of these involve an element of danger, some involve difficult 
techniques, and some require skilled presentation to bring out the 
implications of the activity. The demonstration is one of the effective 
tools of science teaching. In general, a well-planned demonstration 
is superior to one which which the teacher has had little or no 
experience. 
There are many recognized functions which classroom demonstrations 
11 
in science can and do serve. 22 
a. To illustrate a principle or a fact. (most common use) 
b. To visualize processes. 
c. To show materials and specimens, 
d. To portray methods and techniques. 
e. To stimulate interest. 
f. To create a problem situation. 
g. To _find informatio11. 
h. 'l'o evaluate student achievement. 
Fewer laboratory exercises, experiments and demonstrations of 
better design will pay bigger dividends than a larger number done in 
- 23 
cookbook style, 
Demonstrations, individual experiments, textbook study and library 
reference work must all be integ-rated. Othervvise much of the value of 
each is lost. 
It would be well for the teacher of high school chemistry to keep 
in mind that the truly effective teacher seldom, if ever, was born 
that way. 24 Neither is the most successful chemistry tea.cher necessarily 
the one who knows the most chemistry. 25 The most effective teaching 
is that which touches the spirit. 
22 
Robert Stallberg, 11Science Demonstrations for Luproved Learning, u 
The Science Teacher, 22:277, November, 1955. 
23"High School Chemistry--Keeping the Course Up to Date,11 The 
Science Teacher, 23:403, December, 1956. 
24Frederick B. Dutton, 112:di tors Outlook, 11 Journal of Chemical 
mu.cation, 3h:365, August, 1957. 
2r.' 
_..,Williams, p. 261. 
CHAPTER II 
CHEMISTRY DBI\1101\TSWSIONS 
This portion of the project was to determine how certain chemistry 
experiments can be made more successful and/or effective. The experi-
ments chosen were those indicated as tfTeacher Demonstration" in all or 
nearly all of the laboratory manuals examined. They are designated as 
demonstrations for various reasons such as a certain amount of danger 
or unpleasantness (in case of halogens) or because strict at.tention 
nm.st be given to details. In marzy- cases the entire purpose of an 
experiment is defeated if it is not related, by explanation, to a 
practical application. A great deal of work was done in setting up for 
each demonstration a concrete and clearly stated purpose based upon 
its applications. 
Six popular laboratory manuals and accompanying textbooks were 
carefully examined before each experiment was carried out in the 
laboratory. These were found on the National Science Foundation read-
ing shelf in the library. The manuals are listed at the end of this 
chapter. Reference .to the manuals will be made by number. 
Reduction 
Purpose: To demonstrate on a small scale one of the important 
reactions used in metallurgy, the sciance that deals with obtaining 
metals from their ores. Three-fourths of all natural elements are 
12 
13 
metallic, and oxides are one of the most important types of ores. The 
demonstration therefore has two purposes. The immediate purpose is to 
obtain metallic copper from copper oxide and the fundamental long-range 
purpose is to help students gain an understanding of the reduction 
process. 
Procedure and Result: There are tvvo experiments commonly used to 
illustrate reduction. One is the reduction o.f steam by hot iron (1:31) •26 
The second is the reduction of copper oxide by hydrogen (3:31), (5:27), 
(6:24). 
To reduce copper oxide a hydrogen genera tor was set up. This con-
sisted of a generating bottle in which mossy zinc was placed. The 
bottle was fitted with a two-hole stopper, with a thistle tube for 
adding sulfuric acid and a delivery tube for escape of hydrogen. The 
delivery tube was attached to a drying tube containing calcium chloride. 
Weaver (6:61) suggests that anhydrous calcium sulfate could be used as 
the drying agent. From the opposite side of the drying tube there was 
extended a glass tube to deliver the dry hydrogen into the test tube 
containing the copper oxide to be reduced. When the apparatus was 
fully assembled and properly supported so that the open end of the test 
tube was slightly l01wer than the closed end, dilute sulfuric acid was 
added to the generator so that the end of the thistle tube was covered 
by the liquid. After two minutes the copper oxide was heated in the 
test tube by applying a Bunsen burner. As the copper oxide was reduced 
it changed in color froITJ. black to pink. When the color was completely 
changed the burner was removed but hydrogen was passed over the reduced 
26 
Refer to manual number one, page 31, as listed at end of chapter. 
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residue while it cooled. The cooled residue was removed and a small 
area polished by rubbing on a smooth glass surface. 
To reduce steam by iron an apparatus was set up consisting of a 
flask half filled with water supported over a Bnnsen burner, an ignition 
tube in which powdered iron was placed to be heated by a second Bunsen 
bnrner with fishtail and a trough for collecting gas by water displace-
ment. When the apparatus w~s assembled the two burners were lighted 
so that steam was passed by the delivery tube into the ignition tube, 
over the heated iron and out through another delivery tube into the 
trough. After about two minutes, samples of the escaping gas were 
collected and tested with a burning splint. 
Both procedures were carried out successfully when certain pre-
cautions were talfen. Hydrogen from the generator gradually reduced 
the copper oxide to copper. Weaver (6:24) called for stick form of the 
oxide but result was not different from powdered form. The copper 
could be identified by its properties. 
Steam was reduced by the heated iron. 'l'he gas when tested with a 
burning splint gave an explosion which is characteristic of hydrogen. 
Students would have previously prepared hydrogen in the laboratory. 
The product in the ignition tube can be tested with wet red litmus 
paper which turns to blue, indicating that it was a basic anhydride 
(Fe2o3). 
Conclusion: Both reactions should be used to demonstrate reduction 
so that students will know reduction is not applied on]y to reduction 
of metallic oxides. It would be well to mention that other applications 
of the term involve no o:xygen but only a change in valence (studied 
later in course). To insure success rather than a mishap, precautions 
15 
should include wrapping the hydrogen generator with a towel, waiting 
until apparatus is cleared of air before heating the copper oxi.de, 
keeping flame away from open end of test tube, and waiting until 
residue is cooled before removing from hydrogen. 
Suitable amounts of reactants are two grams of copper oxide to be 
reduced and twenty grams of mossy zinc to be used in the hydrogen 
generator. 
If accurate balances are available, the test tube should be v1reighed 
before (with its CuO) and after (with its Cu residue). 
Equations: H2so4 + Zn ~ ZnS04 + H2 
CuO + H2 ~ Cu + H20 
4H20 + 3Fe ~ Fe304 + 4H2 
Fe2o3 + 3H20 --+ 2Fe(OH) 3 
Chlorine~Its Preparation and 1!:roperties 
Purpose: To illustrate that an e1.ement which never occurs free 
in nature can be prepared f-~om its compounds in large amounts for 
commercial use. While most free chlorine is obtained from sodium 
chloride by electrolysis, its liberation from hydrochloric acid is a 
convenient method for use in the laboratory. Iviuch chlorine is used 
for bleaching and for making bleaching compounds. This action is used 
as a part of the experiment. A,ddi tional uses are in purification of 
drinldng water and in manufacture of various compounds. 
The purpose can be said to be threefold: to prepare an element 
from one of its compounds, to illustrate combustion without o:xygen, and 
to illustrate oxidation without oxygen. 
16 
Procedure and Result: This experiment was included in all manuals 
used: (1:61), (2:87), (3:237), (4:45), (s':181), and (6:95). All 
manuals called for perparat:i.on of chlorine gas by oxidation of con-
centrated hydrochloric acid by manganese dioxide. Four manuals 
(1, 2, 3, and 5) called for the collecting bottles to be arranged in 
series. Reacting materials ware to be placed in a flask. One (No. 4) 
called for filling the bottles one at a time and putting them aside, 
right side up, with glass cover plates over the mouths of the bottles. 
One manual (no. 6) called for the reaction to be carried out in a test 
tube lying aL11ost horizontally, with a deli very tube to carry the 
chlorine into a trough of water, to he collected in four test tubes 
by displacement of water. Both procedures were satisfactory but the 
first is difficult to manipulate when bottles are removed from the 
series. 
Various substances, including sodium, hydrogen, antimony, iron 
(steel wool), copper, and magnesium were made to combine with chlorine 
by heating or burning. The bleaching action of chlorine was tested on 
colored cotton cloth, JJ.tmus paper, ink writing on paper, and newspaper 
print. All except the printer's ink were bleached to some extent. 
Conclusion: A steady flow of chlorine gas from the generator can 
be had by placing the flask holding the reactants in a container of 
water. (A coffee can was used.) The generator js thus kept at a 
constant temperature, the boiling point of water. The collection of 
one bottle of gas at a time does not allow any more chlorine to escape 
than the series method if the collecting bottle is set on some support 
such as an overturned coffee can or beaker. The support is moved from 
under the bottle and the filled bottle removed and replaced. The 
17 
support is again placed under the bottle in which gas is being collected. 
A circle of cardboard through which the delivery tube passes remains 
in place and covers each bottle as it is being filled with gas. Each 
filled bottle should be quickly covered with a glass plate. (A little 
chlorine inti1e roon and hall~ays advertises the chemistry department.) 
Since there are several reactions that can be carried out to show 
the properties of chlorine, it would be well to prepare several bottles 
of the gas ahead of time and seal them with waxed corks. Then the 
generator ne~d be run only long enough for the class to see the metho:l 
o·f preparation. Bottles of pure chlorine can be prepared if the gas 
is collected by" displacement of wat,er. Contrary to popular belief, 
chlorine is not very soluble in water. 
There is always a certain amount of danger when a burning jet of 
hydrogen from a hydrogen generator is used. A jet of natural gas can 
be arranged by removing a Bunsen burner from its rubber tube and 
inserting the larger end of a blow pipe into the tubing. Gas issuing 
from the smaller end can be lighted and inserted into a bottle of 
chlorine. 
To bleach most materials they must be left in the chlorine water 
several h~J.rs or overnight. 
A small amount of chlorine can be made by putting a little bleach-
ing solution (sodimn hypochlorite) in a bottle and adding a little con-
centrated hydrochloric acid. Cover with a glass plate, leaving a srna.11 
opening for air to escape. 
Equations: MnO + 4HC1 ~ 2H20 + MnCl2 + Cl2 
2Na + C12 ~ 2NaCl 
H2 + Cl2 ~ 2HC1 
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2Sb + 3c12 ~ 2SbC13 
2Fe + 3012 ~ 2FeC13 
Cu + Cl2 ~ CuCl2 
Mu + Cl2 --4 MgCl2 
CHJ.i + 2Cl2 --) 4HC1 + C 
H2o + Cl2 ~ HCl + HClO 
NaClO + 2HC1 ---+ NaCl + H20 + Cl2 
Bromine-Its :l?reparation and Properties 
Purpose; To acquaint students with the only nonmetallic element 
which normally exists as a liquid. Also to show students the similar 
and dissimilar properties of two members of the halogen family. In 
addition the displacement of bromine from its compounds by chlorine is 
shown as a part of the e:;,...rperiment. This same method on a larger scale 
is used to produce large quantities of bromine for industrial use, 
especially in the marrufacture of antiknock gasoline, organic dyes, 
sedatives, and silver bromide which is used in photography. 
Procedure and Result: There are two methods used for preparation 
of bromine, one using a test tube generator (1:65), (2:93), (5:189) 
and (6:103), and one using a retort to hold the reactants (4:49), 
(5:189) and (6:103). The reaction may be carried out in a generating 
flask (3:249). 
All methods call for reacting a mixture of manganese dioxide and 
sodium bromide or potassium bromide with sulfuric acid. 
The bromine prcduced is collected in a test tube filled with 
cold water supported in a beaker of cold water. 
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The quantities of the dry materials called for varied from one 
gram of each to five grams of each, and the amounts of acid from just 
enough concentrated acid to moisten the dry chemicals to ten rnillili ters 
of concentrated acid. Consequently the different procedures gave vary-
ing amounts of bromine. 
Tests made with the bromine included the following: 
Two drops liquid bromine were placed in a beaker. A small amount 
of powdered antimony (warmed) sprinklec', into the beaker reacted with 
the bromine vapor vigorously, producing a light (sparks) and heat. 
One drop of liquid bromine was placed in three rnillili ters of 
carbon tetrachloride. This reddish-brown solution was then added to 
an equal volume of bromine water (pale yellowish-brown) and shaken. 
The water became clear because bromine dissolves preferentially in the 
carbon tetrachloride. This was repeated using chloroform and carbon 
disulfide. Similar results were obtained. 
To five milliliters of bromine water a solution of sodium hydroxide 
was added drop by drop. The color of the mixture gradually faded as 
the free bromine changed to bromide and broma te ions which are colorless. 
A small crystal of potassiu.,~ bromide was added to three milliliters 
of water forming a colorless solution. Three milliliters of carbon 
tetrachloride were added. The mixture remained colorless. Three milli-
liters of chlorine water were added and the new mixture was shaken. 
The carbon tetrachloride formed a layer in the bottom of the tube and 
was reddish brovm due to the bromine displaced by the chlorine. 
Two milliliters of bromine water were added to tt,vo willili ters of 
potassium iodide solution. The mixture was clear, indicating that the free 
bromine had gone into some compound. Addition of small amount of carbon tetr 
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chloride indicated presence of displaced iodine by its purple color. 
A small piece of rubber tubing was placed in bromine water in a 
test tube which was then closed with a stopper. After two days the 
rubber was found to be darkened and very brittle, indicating it had 
been oxidized by the bromine. 
Three drops of bromine were placed in a gas bottle and warmed 
gently. A burning splint was inserted in the vapor formed. The splint 
continued to burn. 
,Conclusion: The experiment is worthwhile and can be carried out 
as a demonstration in a ventilated classroom with safety. The reactants 
should be heated until the brown fumes have cleared out of the retort 
or generating test tube. Small amounts of bromine, bromine water, and 
chlorine water should be prepared ahead of time so that more time can 
be given to the tests for properties of bromine. 
The most satisfactory amounts of reactants are three grams of 
sodium bromide, three grams of manganese dioxide and ten milliliters 
of dilute sulfuric acid. 
A small amount of fresh chlorine water can be prepared by bubbling 
chlorine gas through water, or by adding a few drops of concentrated 
hydrochloric acid to three or fou~ crystals of potassium chlorate. The 
test tube is allowed to fill with chlorine gas and water is then added. 
It should be pointed out to the class that more than one reaction 
may occur in the preparation of bromine and that a series of equations 
can be written for these possible reactions. 
Some authors indicate that the potassium sulfate formed in the 
preparatfon of bromine is the bisulfate of potassimn. 
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Equations: 2KBr + Hi304 ~ K2S04 .J· 2I-IBr 
4HBr + Mn02 ~ 2H20 + MnBr4 
MnBr4 ~ Br2 + MnBr 2 
MnBr2 + H2S04 ~ iVTnS04 + 2HJ3r 
or the su.nnnary equation: 
2KBr + Mn02 + 2H2S04 -+ Br2 + K2S0h + Iv1nS04 + 2H20 
2Sb + 3Br2 ~ 2SbBr3 
Br2 + 2NcOH -4 Na Br + NaBrO + H2o 
2KBr + C12 ---+ 2KC1 + Br2 
2Kl + Br2 ~ 2KBr + I 2 
,Iodine-Preparation and Properties 
Purpose: To show a third member of the halogen family which, 
unlike chlorine (a gas) or bromine (a liquid), is a solid at room 
temperature. To show further the three elements have similar chemical 
properties and are prepared from their compounds by identical procedures 
except for the methods o.f collection of the free elements. To point 
out to students who do not already know that the liquid commonly called 
iodine is really a solution of iodine in alcohol called a tincture. 
1rhe displacement of iodine by chlorine and by bromine is also shown. 
Procedure and Result: In all procedures a mixture of potassium 
iodide (or sodium iodide), manganese dio:xide and sulfuric acid were 
heated in a container with the liberated iodine allowed to c-0ndense on 
some cool object or a cool portion of the test tu.be. 
~~o manuals (1:69) and (2:95) called for the mixture to be heated 
in a test tube in an almost, horizontal position. With heat applied 
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only at the closed end of the test tube, iodine vapors condensed on the 
cooler sides of the upper open end. Three manuals called for the mix-
ture to be heated in a beaker covered cyan evaporating dish in wruch 
there was cold water. Tvrn manuals asked that the mixture be heated in 
an evaporating dish covered by a flask partially filled with cold water 
(6:10.5) or by an inverted funnel with a cotton plug closing the upper 
end. 
Amounts of dry reactants varied from one-half grai11 of each to five 
grams of each, and amounts of acid from two rnillili ters dilute to ten 
milliliters of concentrated acid. 
Tests used to study the properties of iodine included the following: 
The starch-iodine test in which a drop of iodine solution (in 
potassium iodide and water solution) was added to a thin solution of 
starch, producing a dark blue color. This is used as a test for either 
starch or free iodine. 
Solubility of iodine was checked in various liquids with results 
as indicated: 
In H2o, very slightly soluble, very pale br~~n. 
In KI solution, soluble, light brown. 
In alcohol, soluble, dark brown. 
In GS2, soluble, purple. 
In CClLr' soluble, purple. 
Sublimation was shown by heating some of iodine and allowing the 
vapor to sublime on the sides of the test tube. 
A bit of iodine in sodium hydroxide solution formed a colorless 
mixture indicating formation of colorless ions. 
A piece of white cloth stained with tincture of iodine was placed 
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in a hypo solution. The color faded but did not disappear. 
A small bit of iodine was heated in a beaker. A. bit of powdered 
antimony sprinkled into the vapor combined vigorously with the iodine. 
Carbon tetrachloride was added to a colorless solution of potassium 
iodide. The mixture remained colorless. ·when chlorine water was added, 
the mixture took on a purple color, indicating presence of displaced 
iodine. The test was repeated using bromine water to displace iodine 
from potassium iodide. 
The test was repeated twice more using alcohol in place of the 
carbon tetrachloride. The displaced iodine produced a brown mixture. 
Conclusion: The important uses of iodine should be emphasized in 
connection with this experiment. One of these is in the physiology of 
man and is the reason for the preparation and use of iodized salt. 
Iodine and its compounds are important in the manufacture of many 
substances including drugs, organic dyes, photographic compounds and 
Polaroid glass. 
This experiment, as well as the previous one (bromine), shows the 
difference between atoms and ions in the displacement tests. 
On the basis of the displacement relationship of the.three halogens, 
their relative activity can be established. In turn the heats of forma-
tion of related compounds as sodium chloride, sodium bromide and sodium 
iodide can be compared. 
The heating of the reactants in a beaker covered w:Lth a cooled 
evaporating dish is a convenient and sat,isfactory method of preparation. 
A suitable ratio of reactants is one gram of the iodide and dioxide with 
two milliliters of dilute acid. This produces a sufficient amount of 
solid iodine and yet avoids an excess of vapor. 
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In making the solubility and displacement tests, carbon tetra-
chloride should be used rather than carbon disulfide because of the 
flammable nature of the latter. 
Equations: 2KI + Mn02 + 2H~04 ~ IiffnS04 + K2SO~. + 2H20 + I 2 
2Na0h + I 2 ~ NaI + NaIO + H20 
3I2 + 2Sb --} 2SbI3 
2KI + Cl2 ~ 2KC1 + I2 
2KI + Br2 --> 2KBr + I 2 
Electrolysis 
Purpose: To acquaint students with the important process of 
electrolysis in which a compound is separated into component parts. 
An important application is the electrolysis of copper sulfate with 
copper electrodes to obtain free copper. Many other elements and com-
pounds are produced by the tons b;;, this method. Since students vrould 
have previously prepared and studied both oxygen and hydrogen, they 
will readily recognize these products from their properties. 
Procedure and Result: Two methods were given in manuals (1:35), 
( 2: 19) and (5: l.i.5) • These made use of the Hoffman apparatus or a bat te:ry 
jar set up. A.11 three favored the use of the Hoffman apparatus. One 
marro..al (4:21) gave instructions only for the battery jar apparatus. 
One manual (6) did not include an experiment for electrolysis but 
described the Hoffman procedure in the accompanying text book. 27 
27 Elbert C. Weaver and Lai'\rrence S. Foster, Chemistry for Our Ti:rre s 
(New York, 1954), p. 69. 
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The Hoffman apparatus was supported on a ring stand with tviro clamps. 
The apparatus was filled with distilled water to the bottom of t,he 
stopcocks on the side tubes. These were then closed and a little more 
water added to the center tube to check for leaks around the stopcocks. 
The electrodes of this apparatus were of platinum foil. These were 
connected by copper wire to a battery charger, which in turn was plugged 
into a wall socket. When the current was allowed to flow through the 
pure water, only a very slow reaction was detected. The water was 
drained ~from the apparatus and dilute sulfuric acid was added in ratio 
of one part acid to twenty-five parts water. More acid was added 
later to observe whether ratio of reaction changed as concentration 
was increased. 
Current was again passed through the solution. When JO ml. of 
hydrogen had been liberated, the current was shut off and the volumes 
of the tvvo gases were compared and found to be almost exactly urn to 
one (30 ml. of hydrogen and 14.9 ml. of o~gen). The hydrogen was 
allowed to flow slowly into an inverted test tube. When the test tube 
was brought to a flame there was an explosion. The current was again 
passed through the solution until about 30 ml. of o:xygen had been 
liberated. This was allowed to pass into a test tube and tested with 
a glowing splint which rurst into flame. A comparison of volumes 
again showed a two to one ratio, 30 + 30.1 ml. of hydrogen and 30 ml. 
of oxygen. 
Because of difficulty in locating material for electrodes, in 
sealing copper wire into glass tubing, and in setting up a suitable 
apparatus, the battery jar procedure was not carried out. 
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Conclusion: The importance of the electrolysis process would 
justify the purchase of the Hoffman apparatus for carrying out this 
experiment. While it would not be used many times each year, it takes 
up little space and is quickly and easily assembled. The difficulty 
of setting up the battery jar apparatus makes it impractical. 
In using the Hoffman apparatus the liberated ozygen should be 
passed from the apparatus through a rubber elbow and short piece of 
rubber tubing into a test tube. Because ozygen is slightly heavier 
than air it cannot be forced upward into a test tube as is the hydrogen. 
Equations: 2~0 --+ 2F'2 + o2 
2H2 + o2 ~ 2H20 ( test for H2) . 
C + o2 --> co2 ( test for o2) 
Thermi t Process 
Purpose: To demonstrate an important o.xidation-reduction reaction 
used to reduce oxides of certain metals which are othenvise difficult 
to reduce. These include oxides of magnesium, chromium, titanium, 
silicon, boron, manganese, and uranium. The thermit process, sometimes 
called the Goldschmidt Process, is a corrmionway of manufacturing or 
producing these metals. 
To show further how· the same method, using iron oxide, can be 
used as a welding process in which the resulting molten iron is allowed 
to flow into a break in some heavy metal object. The break is surrounded 
by a clay mold. The process is used in the repair of rails, heavy 
machinery, ship hulls, propeller shafts, rudder frames, and locomotive 
parts. Such objects cannot be taken into a shop, and repairs must be 
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made on the spot. 
In war time this process has been the basic principle of incendiary 
bombs. 
Procedure and Result: Follovring the only manual (1:179) which gave 
satisfactory instructions for the process, the thermit mixture was pre-
pared by mixing eleven grams of ferric oxide with eight and one-half 
grams of aluminum oxide. Two sheets of filter paper were folded as 
for use in a funnel and wet with water. The thermi t mixture was poured 
from the paper on which it was mixed into the filter paper which was 
then placed inside a small ring supported on a ring stand. A coffee 
can of clean sand was placed beneath the ring. A three-inch piece of 
w.agnesium ribbon was stuck into the center of the thermit mixture. 
Around the bottom of this fuse was placed an ignition mixture of 
potassium chlorate and magnesium powder. Amounts of these last two 
chemicals was not specified so about one-fourth teaspoonful of each was 
used. This was packed down into the thermi t mixture so that it would 
not ignite from the burner flame used to ignite the upper end of the 
magnesium fuse. 
The magnesium ignited the ignition mixture which ignited the ther-
mi t mixture. There was a dense cloud of white smoke and some bi ts of 
material were thrown out into the air but fell harmlessly onto the 
table top and concrete floor within a small radius. 
After all material had cooled an acorn-shaped mass of metal was 
found in the sand. This was broken open as directed in another marru.al 
(4:97) and tested with a magnet. The inner part was attracted to the 
magnet, but the glasslike outer shell was not. Only the inner portion 
was the reduced iron. 
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One other manual mentioned above gave dj_rections for "Reduction 
of an Oxide with Alumi.rru.m,u but failed to name or give amount of 
reactants to be used in the thermi t mixture. In this procedure the 
filter paper cone with its contents was to be placed down in the sand. 
Using the same procedure described above, the experiment was re-
peated with the material placed in the coffee can of sand. There was 
no noticeable difference in the results. 
No other mam1al of the six inc]nded in this survey gave instructions 
for carrying out the experiment. Tn both of the bvo which did give it, 
the experiment was designated as a teacher demonstration. However, all 
six of the associated text books had some material on the process. 
One text28 explains the process in terms of the great attraction 
of aluminum for oxygen and mentions its use in thermi t welding and in 
the incendiary bomb. Another text29 emphasizes the great heat of the 
reaction which results in molten iron and describes and illustrates 
the welding process. All other texts had an illustration of either 
the welding process or the incendiary bomb.30 
Conclusion: This experiment should be carried out as a demonstra-
tion with full ex:plana tion and not as a II quickie 11 used only as a 
spectacular. If it is used as a quickie it should be repeated following, 
or with, proper explanation. This is warranted by the important 
28 Jaffe, p. 394. 
29oscar E. Lanford, Using Chemistry, (New York, 1955), p. 616. 
30-weaver and Foster, p. 426. 
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commercial applications oi' the process. 
It should be explained, or better yet demonstrated, that the 
flying bi ts of material will char or even set fire to paper they fall 
upon. In the incendiary bomb an enclosing case is made of magnesium 
which is blown into thousands of extremely hot fragments which set 
fire to any flammable material they fall upon. 
Overly adventurous students can be discouraged from trying the 
experiment on a larger scale or from trying to make a bomb by explain-
ing that several cases have been reported in which sight or limbs have 
been lost by amateur bomb makers. But the best insurance is to keep 
all chemicals which may be dangerous under lock and key. 
Equation: 2Al .J- Fe2o3 ~ .Al2o3 + 2Fe 
Chemical Combinations 
Purpose: To show that the substance(s) resulting from a chemical 
reaction has (have) properties unlike those of the substance(s) entering 
into the reaction. To do this, iron and sulfur were combined to form 
iron sulfide and zinc and sulfur were combined to form zinc sulfide. 
Procedure and Result: Sulfur (powdered) and iron (filings or 
powder) were heated together as instructed in reference manuals (1: 15), 
(2:107), (3:17), and (5:28). Sulfur (powdered) and zinc powder (dust) 
were mixed and ignited (on asbestos) as directed :i_n manuals (1:1!.i.O), 
(2:107), (4:9), (5;205), and (6:39). No iron sulfide was forn1.ed using 
iron filings as directed in marmals (2) and (3). No iron sulfide was 
found in the product formed using one-half test tube of sulfur and ore-
fourth test tube of iron powder as directed in manual (1). Manual (5) 
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called .for seven grams iron powder and four grams powdered sulfur. 
When heated these quantities gave an initial glow which spread through-
out the mass and produced one large lump of iron sulfide and only a 
small amount of sulfur fumes. 
When equal buTh: of sulfur and zinc were mixed and ignited as 
instructed in manuals (1) and (2) there was a steady blue flame which 
spread over the surface of the mixture. The sulfur burned away, leaving 
molten zinc which quickly hardened. When a mixture of sulfur and zj_nc 
in a 2/1 ratio by weight was ignited as instructed in manuals (4), (.5), 
and (6) there was a vigorous reaction which produced a mushroom cloud 
of white vaj_)or. The powdery white residue was zinc sulfide. 
Products of both reactions, iron sulfide and zinc sulfide, .can be 
verified (as sulfides) by checking with hydrochloric acid for formation 
of hydrogen sulfide which is readily detected by its odor. 
Conclusion: Heating iron and sulfur together gives the desired 
result, formation of iron sulfide, when the tvvo elements are used in 
a 2/1 ratio by weight. The slight excess of sulfur, as compared to 
the 56/32 ratio of their atomic weights, is necessary because some 
sulfur vaporizes before the chemical combination begins. Also it is 
necessary to use iron in the form of iron powder in order to obtain any 
appreciable amount of iron sulfide. If iron fiitngs are used, all of 
the sulfur vaporizes before any chemical reaction takes place. 
Zinc dust and powdered sulfur will react vigorously if used in a 
2/1 ratio by weight. An excess of zinc slows the reaction. 
Equations: Fe + S ~ FeS 
FeS + 2HC1 ~ H2S 
Zn + S -i ZnS 
Fe Cl 2 
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Titration 
Purpose: To show how the strength expressed as normality or 
molarity can be determined. Also to emphasize that a normal solution 
of any acid contains one 51'.'am of replac.eable hydrogen and a normal 
solution of any base contains seventeen 6Tams of hydro.xyl per liter. 
Thus solutions of all acids and bases of equal normality have the same 
neutralizing abiU ty per milliliter. If an acid or base of known 
concentration is available (or it can be prepared) it can be used to 
determine the concentration of a basic solution which in turn can be 
used to determine the concentration of another acid of unknown con-
centration. 
Procedure and Result: Titration of an acid and a base was carried 
out as instructed in manuals (1:93), (4:69), (5:111), and (6:79). All 
four manuals specified sodium hydroxide (NaOH) and hydrochloric acid 
(HCl) except manual ( 6) which did not name any specific acid but called 
for an unknown acid of unkno1rn normality. Normality or molarity was 
satisfactorily determined by each of the methods which were basically 
the same. 
Conclusion: The lower the concentration of a solution, the greater 
will be the error introduced by inaccuracy in weighing out the chemical 
(acid or base) used in the standard solution. On the other hand, the 
lower the concentration, the greater the accuracy attained by titration, 
assu:rriing that the end point is correctly determined. With an accurately 
s.tanda.rdized solution the concentration of an unknown sol't.:.tion can be 
determined. In turn, the amount of a chemical contained in a solution 
can be found. 
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Using this experiment in high school, students should be instructed 
to calculate molarity (or normality) at least twice. One titration 
should be made of acid with base to a pink end point and one of base 
wi t..h acid to a clear end point. 'rhe mean of the two ( or more) trials 
should be considered the correct value. 
Equations: Na OH + HCl ~ NaCl + H20 
N (base) = V (acid X N2 (acid) 
V base 
N (acid) = V (base) X N (base)" 
V (acid) 
Ammonia Fountain 
Purpose: To show the extreme solubility of ammonia (gas) and to 
show one use of an indicator (phenolphthalein). 
Procedure and Result: Fountains were made by two methods. To 
prepare ammonia, nine grams of aIJ1!llonium crJ.oride (NH4Cl) and seven 
grams of calcium hydroxide (Ca(OH) 2) were mixed and _heated in a test 
tube. Ammonia (NH3) was collected in an inverted flask. In the second 
method, a small amount of ammonium hydroxide (NH40H) solution was 
heated in a flask to liberate arrnnonia which filled the flask. Each 
flask was closed with a one-hole stopper and glass tube, then inverted 
in a beaker of water to which a few drops of phenolphthalein had been 
added. 
No instructions for this demonstration were given in the manuals 
but reference to the ammonia fountain was made in textbooks which 
generally accompany the manuals. 
A very weak (slow) fountain resulted from the first method when 
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the flask was cooled with paper towels wet in ice water. The second 
method gave a beautiful result, a forceful pink fountain. 
Conclusion: Neither method can be considered very successful in 
showing the great solubility of ammonia, which is its purpose. By the 
first method the pressure of ammonia inside the flask cannot be made 
greater than that of the atmosphere. Results should be nruch better if 
ammonia were obtained from a cylinder and used in the fountain before 
the pressure is lost. The fountain produced by the second method is 
probably due more to the partial vacuum in the flask resulting from 
heatj_ng the flask and then allowing it to cool than to solubility of 
anrrnonia. 
Equations: 2NH4Cl + Ca(OH) 2 ~ CaC12 + 2NH3 + 2H20 
NH3 + H20 4 NH40H 
NH40H ~ NH3 + H2o 
NH3 + H20 ~ NH40H 
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CHAPTER III 
ANALYTIC .PROCEDURES 
One of the most important and one of the oldest applications of 
chemistry is in analysis. By analytic methods the composition of 
naturally occurring substances was first determined. Dozens of elements 
were first discovered through use of such techniques by the outstanding 
analytical and mineralogical chemists of the eighteenth and nineteenth 
t . 31 cen uries. 
As time goes by and more analytic procedures are worked out, the 
authors of text books and teachers are forced to make decisions as to 
what should and can be included in the high school chemistry course. 
Some authors publish a mige laboratory manual which includes every 
experiment known to high school chemistry. The teacher then rrmst make 
the selections alone. This can be an almost impossible task, especially 
for the beginning teacher. Other authors conscientiously attempt to 
select a maxinru.m nu.mber of experiments that would be completed and to 
include those which will contribute most to the students. 
Many larger high schools are meeting the dero3nd for more chemistry, 
and especially more analytical work, by offering a second year of 
chemistry which is devoted largely to qualitative and quantitative 
analysis. Some colleges are permitting graduates of such courses to 
311. H. Cragg and R. P. Graham, An Introduction to the Principles 
of Chemistry (New York: 1955), p. 2~26. - --
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enroll with advanced standing upon passing specially prepared tests. 
In order to avoid repetition as much as possible, the findings of 
the writer regarding analytic procedures will be presented in survey 
form. 
Eight laboratory manuals were carefully examined to determine 
what tests are most frequently included. Laboratory execution of 
these tests revea.led some advantages and some disadvantages of the 
various procedures. In addition to the six manuals used in connection 
with the previous chapter two more manuals are included in this survey. 
For the reader's convenience all eight are again listed in alphabetical 
order at the end of this chapter. Any reference to them will again be 
made by number and page. 
Two tests were included in every one of the eight mami.als. These 
were the flame test for certain metals and the borax bead test for 
certain other metals. Metals detected by flame tests include barium, 
calcium, lithium, potassium, sodium, and strontium. Detected by borax 
bead tests are chromium, cobalt, ferric iron, manganese, and nickel. 
The identifying colors for these tests will be given in a later portion 
of this chapter. 
Included in six of the manuals (3 and 7 excepted) was a procedure 
for the identificaticm of an unknown salt. Five manuals (1, 6, and 8 
excepted) had an experiment for the separation of lead, silver and 
mercurous mercury. Food tests were included in all manuals except 2, 
4, and 5. Cobalt nitrate tests were included in four manuals (1, 2, 5, 
and 6). These tests are used to detect the presence of alumimi.m, mag-
nesium, and zinc. 
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Three manuals included tests for identification of fibers (1, 2, 
and 7), tests for ferric and ferrous ions (5, 6, and 7), and tests for 
percentage of water in crystalline salts (1, 7, and 8). Tests for the 
acid ions were given in maimals (2) and (4), and tests of soils and 
fertilizers were given in (1) and (3). 
One manual (2) gave separate tests for chloride and sulfate ions 
and separate tests for nitrate carbonate, sulfite, and sulfide ions. 
One (7) gave an analytical procedure for the determination of the per-
centage of oxygen in potassium chlorate. Another (1) included consumer 
tests of certain commercial products and tests of properties of some 
commercial plastics. 
The manuals (except 2) included tests for chlorides, sulfates, 
nitrates and sulfides as part of the experiments dealing with preparation 
and properties of hydrochloric acid, sulfuric acid, nitric acid and 
hydrogen sulfide, respectively. 
Aftor careful evaluation of all tests found in the eight manuals, 
an attempt was made to select a minimum number of varied tests which 
should be included in a high school first year chemistry course. Nine 
testing procedures were chosen and each will be briefly summarized. 
The order in which these experiments are given will coincide with 
the order in which related material will be presented in most texts. 
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Determination of Water o,f Crystallization 
Procedure: A porcelain crucible and its cover ~re cleaned and 
dried by heating over a blue flame. After cooling the crucible and 
cover are weighed (ask for accuracy to 0.01 gram). This weight with 
others to follow are recorded in a table as given below. About three 
grams of barium chloride is placed in the cru.cible and covered and 
a second weighing is recorded. 
The covered crucible is supported on a pipestem triangle so that 
its bottom is a short distance above the tip of the inner cone of the 
Bunsen burner flame. The crucible is heated gently at first and then 
strongly for ten to twelve mirmtes. 
After cooling, the covered crucible is weighed. The heating, 
cooling and weighing should be repeated until successive weights are 
the same. After the final weight is ta.ken the table is completed and 
! 
determination of the percentage of water of crystalliza.tion (or water 
of hydration) is made by simple calculations. 
Recorrnnendations: Barium chloride crystals will give best results 
because they are neither deliquescent nor efflorescent and are easily 
obtained in the pure state. 
Initial heating of crucible llllJ.st be gentle or water of crysta.lliza-
tion may be driven off explosively carrying off some of the salt. 
Heating to constant weight is most desirable but if time does not 
permit repeated heating, cooling, and weighing, the crucible and con-
tents should be strongly heated 25 to 30 minutes before a weight is 
ta.ken and recorded. 
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TABLE I 
DATA FOR W!J.: .. TER OF CRYSTALLIZATION DETERIVIINATION 
(1) Weight of covered crucible and barium chloride cr-.rstals ____ g 
(2) Weight of empty covered crucible ••• 
• •••• ---- g 
(3) Weight of crystallized barium chloride ____ g 
(4) Weight of covered crucible and contents--lst heating. . g 
----
(5) Weight of covered crucible and contents--last heating. ____ g 
( 6) Weight of anhydrous barium chloride. • • • • • • • • • g 
----
(7) Weight of water lost by barium chloride. . . ____ g 
(8) % water = • • • • • g ( wt • of water) 
••• g(wt. of salt) X 100 = . . . . ----
Optional Calculations of rJumber of Molecules of Vfater in 
One Molecule of Barium Chloride Crystal (BaCl2 • x H20) 
% 
g(wt. of Crystallized DaCl2) 
g(wt. of anhydrous BaCl2) 
= 
X (mol. wt. of Crystallized Ba.Cl2) 
(mol. wt. of anhydrous BaCl2) 
(9) Calculated molecular weight of crystallized Bac12 ••• 
(10) Molecular weight of anhydrous BaCl2 
(11) Molecular weight due to water 
(12) . . . . 
18 
• (mol. wt. due to water) = 
(mol. wt. of water) 
. . . 
. . . . 
. . . . 
. . . . 
.molecules of water 
in the crystal 
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Detection of Impurities in Water 
frocedure: Each reagent or combination of reagents is added to 
a prepared sample of impure water and to a small amount of tap water. 
Any reaction of either sample is recorded in Table n, page 41. 
To each sample a few drops of Nessler' s reagent is added. 'rhe 
liberation of a gas indicates presence of ammonia vrhich in turn usually 
indicates contamination by organic matter. 
To each sample is added one or two drops of potassium permanganate 
( to produce a distinct violet color) and about 2 ml. of concentrated 
sulfuric acid. A fading of the violet color indicates presence of 
organic matter. 
To each srunple is added 1 ml. of conccmtrated nitric aci(J 2.nd a 
few drops of silver nitrate solution. A cloudy appearance indicates 
presence of chlorides which in large quantities indicate contamination 
by su.rface drainage. A confirmatory test is the addition of a:rnnonium 
hydro.x:Lde which will clear the cloudy solution. 
To each sample is added 1 ml. of acetic acid and 3 ml. of ammonium 
oxalate solution. A. cloudy appearance indicates presence of calcium 
which always indicates hardness in water. 
To ec1.ch sample is added 1 ml. of concentrated nitric acid and 
5 ml. of barium chloride solutfon (added slowly). Formation of a white 
precipitate indicates presence of sulfates. (See Table II, page 41) 
Hecommenda tions: 'I'he prepared impure water shonld contain each of 
the five impurities being tested for. One-third to one-half test tube 
of' water should be used for each sample. If the ammonia reaction is 
faint, it may be increased by gentle heating. 
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TABLE II 
RESUL'IS 07 TESTS FOR DETI[;TION OF IMPURITIES IN WATER 
Chemical Reaction with Impurity Reaction with Impurity 
Reagent Impure Water Indicated Tap Water Indicated 
Nessler I s Gas is Ammonia None None 
Reagent liberated 
Potassium 
Permanganate Color fades Organic Color None 
and Sulfuric matter unchanged 
Acid 
Nitric Acid 
and Silver Becomes Chlorides Remains None 
Nitrate milky (Salts) clear 
Acetic Acid 
and Ammonium Becomes Calcium Rem.aim: None 
Oxalate cloudy (hardness) clear 
Nitric Acid 
and Barium \llfhite Sulfates No None 
Chloride precipitate precipitate 
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Percent of Oxygen in Potassium Chlorate 
:Procedure: About three grams of fj_nely powdered manganese dioxide 
is strongly heated in a porcelain crucible for about five minutes to 
drive off any volatile impurities which may be present. The powder is 
then allmved to cool. 
A thoroughly clean test tube is weighed accurately to 0.01 gram. 
This weight and other data are recorded in Table III, page 44. About 
seven 6Tams of potassiu..m chlorate is placed by means of a spatula or 
folded paper near the bottom of the test tllbe which is again accurately 
weighed. The previously heated a1~l cooled manganese dioxide is now 
added and the test tube accurately weighed. The two compounds are 
mixed in the test tube by rota.ting and tapping the tube. 
Fit the test tube with a stopper and delivery tube and support it 
with a clamp and ring stand. A large gradu.atGd cylinder (2 liter 
capacity) used as the collecting bottle is filled with water and inverted 
in a trough over the end of the delivery tube. 
The mixture in the test tube is now heated slowly at first and then 
more strongly but always so that the bubbles of gas can be counted. 
The heating is continued until no more oxygen is coming off. The 
stopper and deliver-f tube are then removed from the test tube which is 
carefully set aside to cool. 
When cooled to room temperature the test tube with its residue is 
accurately weighed. This weight completes the data needed to compute 
the percent of o:cygen in potassium chlorate as experimentally deter-
mined. This percentage is compared with the percentage calculated from 
the formula of the chlorate. 
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The graduated cylinder is now adjusted so that the water levels 
inside and outside are the same. The temperature of the water is 
recorded, as is the barometric pressure of the atmosphere. The volume 
of oxygen in the cylinder is carefully read and recorded. Making a 
correction for vapor pressure and converting centigrade temperature to 
absolute, the volume of o:icy-gen can be calculated at standard conditions 
by the equation: 
V2 = vl x P1 x T2 = ml 
P2 Tl 
v2 = volume at standard conditions 
Vi= volume recorded from experiment 
P2 = 760 nnn. Hg 
T2 = 273° A 
Pi = barometric pressure minus vapor pressure 
T1 = centigrade temperature plus 273 
The weight of the oxygen liberated from the potassium chlorate and 
the corrected volume of the oJcy"gen can be used to calculate the weight 
of 22.4 liters of o:xygenwhich is numerically equal to its molecular 
weight. 
Recommendations: This experiment should be performed by each 
laboratory group or individually. However, it may be done as a demon-
stration, preferably by two students. Each student in the class should 








DATA. FOR DETERMINATION OF PERCENT OF OXYGEN 
IN POTASSIUM CHI.ORA TE 
of test tube and KCl03. . • . • • . . • . . • 
of empty test tube. . • • • . • • . • . . 
of KCl03 used . . . • . . . • . . . • . . . . 
of test tube, KCl03 and Mn02 . . . . . . 
of test tube and residue after heating 
of oxygen given off . . . . . • . . 
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• . g 
• . g 
. • g 
. • g 
g 
. • g 
(7) % Oxygen by experiment= g(wt. of 02 X 100 = % 
g(wt. of KCl03) 
(8) % Oxygen from formula = X 100 = • • • % 
-----(KCl03) 
(9) % &ror = ( 887) x 100 = . . . . . . . . . % 
-----
(10) Temperature of water ( 0c + 273) • 
--
• • • • OA 
---
(11) Vapor pressure of water at this temperature ••• mm 
---
(12) Barometer reading ••••• • • . . . . . • • mm 
---




Volume of oxygen under laboratory conditions 
Calcu.la ted volume under standard conditions • 
. • • • ml 
---
• • • • ml . 
---
(16) Calculated wt. of 22.4 liters of oxygen (gm-mol.wt) • g 
(17) Accepted gm-mol. wt. of oxygen . • . • • • • • • • • g 
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Detection of Ferrous and F'erric Ions 
.Procedure: Tvrn ml. of freshly prepared ferrous chloride is poured 
into each of four test tubes. Into each of four more test tubes is 
poured 2 ml. dilute ferric chloride solution. To the first test tube 
of each solution is added a few drops of ferricyanide solution. To the 
second sample of each is added a few drops of ferrocyanide. To the 
third portion of each is added two drops of potassium thiocyanate solu-
tion. To the last test tube of each iron solution is added enough dilute 
ammonium hytlroxide solution to neutralize and then make 1Jasic. All 
observations are recorded in Table IV, page 46. 
To show the relation of ferrous and ferric compounds the original 
solutions should be treated so as to convert each type of ion to the 
other type. To the remaining ferrous chloride solution is added about 
1 ml. of concentrated nitric acid and 3 ml. of concentrated hydrochloric 
acid, and the mixture is boiled for three minutes. 'l'he resulting solu-
tion is tested with the four reaE;ents used above. If the tests show 
the presence of ferrous ions the acid and boiling treatment should be 
repeated. The remaining original ferric chloride solution is treated 
with 1 or 2 ml. of iron fiJings and about 2 ml. of concentrated hydro-
chloric acid. The solution is boiled for a few minutes until it becomes 
colorless. Testing will show the presence of ferrous ions and absence 
of ferric ions. 
Equations: Fe + 2HC1 --) FeClri 
L 
H2 (Preparation of ferrous 
chloride) 
FeCl2 + (Cl) ~ FeCl3 (Oxidation of ferrous chloride) 
FeCl3 + Fe~ 2FeC12 (Reduction of ferric chloride) 
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Recormnendations: To prepare a fresh solution of ferrous chloride 
for use in this experiment place about 0.5 ml. of iron filings in a 
small flask and cover with 5 ml. of water and 2 ml. of concentrated 
hydrochloric acid. Stopper the flask loosely, mix the contents by 
swirling, and then warm gently. After allovdng the reaction in the 
flask to contirru.e for five mirmtes, add 50 ml. of water and stopper 
the flask to prevent oxidation. 
TABLE IV 
RESULTS OF TESTS FOR DETECTION OF FERROUS AND F&'1.RIC IONS 
Reagent Ferrous Ions Ferric Ions 
Used 
Color Name of Color Name of 
Preci i tate Precipitate 
K3Fe CN 6 Deep blue Turnbull' s blue Brown No ppt. 
K4Fe(CN)6 YJfhite No ppt. Deep blue Prussian 
blue 
KCl\J"S No color No ppt. Deep red No ppt. 
NH40H Wb:i.te Ferrous Red brown Ferric 
hydroxide hydroxide 
Flame Tests for Metallic Ions 
Procedure: Concentrated solutions of a soluble salt (preferably 
the chloride) of li tb:i.um, sodium, potassium, calcium, barium, strontium, 
and copper are prepared. A Bunsen burner is adjusted so that it burns 
47 
with a colorless flame. A platinum (or nichrome) wire is anchored in 
a cork or sealed into the end of a piece of glass tubing. To confirm 
tests a little of each salt may be moistened with hydrochloric acid 
and tested in the flame. 
The prepared wire is dipped into each concentrated solution a.nd 
brought into the edge of the colorless flame. To clean the wire after 
each test, dip it into a little hydrochloric acid and bring to the 
edge of the flame. This is repeated until no color is produced in 
the flame. If the moistened salts are also tested, the same cleaning 
procedure must be followed betvrnen tests. The flame color is the same 
for the concentrated solution and the moistened sample of the same 
salt or of salts of the same metal. 
TABLE V 














• •• Blue-green 
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Reconnnenda tions: One or more unknowns should be tested by each 
student and the results and conclusions checked for accuracy. S:ome 
manuals give the flame tests along with the cobalt nitrate and/or 
borax bead tests. Unless the laboratory period is longer than the 
regular class period it will not be longer than is needed to complete 
the flame tests satisfactorily. Those students who finish most quickly 
may be given extra unknowns • 
Borax Bead Tests 
Procedure: The end of a platinUJn (or nichrome) wire is bent into 
a smaJ.l loop, heated till red hot and dipped into powdered borax. The 
borax is then heated in the outer portion of a Bunsen burner flame, 
first svrelling and then melting to form a clear glassy bead. The 
dipping and heating are repeated until a bead the size of a drop of 
water is formed. The bead while still hot is dipped into a solution 
of the salt to be tested and again heated in outer flame until the bead 
melts. The new head is allowed to cool. Color is usually evident if 
the bead is held in a good source of light,. If not, repeat the bead 
making. Characteristic colors of beads are given in Table VI, page 49. 
The bead is removed from the wire by heating it until melted and 
quickly tapping the wire on the edge of the table top or a waste jar. 
Recommendations: One or more unknowns should be test.ed by each 
student and the result and conclusion checked for accuracy. This 
e:x:periment would seem to take only a short time but it takes a bit of 
practice to make borax beads. A short laboratory period might be 
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combined with the cobalt nitrate tests ·which follow. If students work 
in pairs they can run both tests at the sarr.e time and take tt::.rns so 
that each runs a part of each test series. 
TABLE VT 




. . . . . 
l\/Jangane se • 
Iron. • • 
. . . •• Brown 
. . • Blue 
• •• Green 
• Violet 
YellOl"r 
Cobalt Nitrate Tests 
Procedure: A shallow- cavity is scraped into a charcoal stick or 
a plaster of Paris block. A little of the salt to be used is placed 
in the cavity and heated strongly by means of a blowpipe. After each 
test the cavity is cleaned by scraping it or a new cavity is made and 
used. 
To use a blow-pipe the Bunsen burner is adjusted to produce a 
luminous flame about 4 cm high. The tip of the blowpipe is held just 
inside the flame about 2 cm above the burner so that the flame is 
blrn~n at an angle on the salt being heated. 
After the salt is heated strongly for a short, time it is cooled 
and one or two drops of cobalt nitrate solution are added to the salt. 
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This mixture is heated strongly until a change in color is noted. 
Only tl:u'ee metals are detectable by this test. 
Recommendations: The plaster of Paris block is better for this 
test because the colors are more easily detected. At best they may be 
difficult to see. Students may be told what color each salt should 
give and work to that end. One or more unknowns should be used to 
check the students' accuracy of observation. The sulfates are best for 
these tests. 
TA.BLE VII 
RESIDUE COLORS OF COB[iLT NITRATE TESTS 
Aluminum •• • • . . • • • •• Blue 
Magnesium • • Pink 
Zinc. . .... • Green 
Identification of Lead, Silver and Mercurous Salts 
Procedure: 1wo ml. portions of solutions of lead, silver, and 
mercurous salts are put into separate test tubes. To each solution is 
added dilute hydrochloric acid until no further reaction occurs. The 
three test tubes are then heated to boiling in a beaker of water. The 
precipitate from the lead salt will dissolve. Adding a few drops of 
potassium chromate solution produces a yellow precipitate. 
To the remaining two test tubes a few drops of ammonium hydroxide 
solution (dilute) is added. The mercurous precipitate turns black and 
' the silver precipitate dissolves. 
A mixture containing about 3 mJ_. of each of the original salt 
solutions is made in a beaker. Dilute hydrochloric acid is added 
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until no precipitate is formed upon ad.di tion. The precipitate is 
filtered and washed with cold water to remove excess acid. The residue 
is washed with 10 ml. of boiling water and the filtrate ca nght in a 
clean beaker. Adding potassium chromate to the filtrate produces a 
yellow precipitate indicating the soluble lead chloride has passed 
through the filter with the boiling water • 
The remaining residue on the filter paper is treated with dilute 
armnonium hydroxide and the filtrate caught. The residue which now 
remains on the filter paper turns black indicating mercury. The clear 
filtrate is made acid by addition of dilute nitric acid resulting in 
reprecipitation of silver chloride. 
Recommendations; Each student should be given at least one unknmvn 
to check. The unknown may contain one or more or none of the three 
metals detected by this test procedure. 
Identification of an Un.known Salt 
In addition to the tests for metals already summarized, another 
imoortant test is the use of hydrogen sulfide gas (or thioaceternide). 
f'recipi tat.es of characteristic color are produced in solutions of salts 
of certain metals as listed in Table VIII, page 52. This test will 
have been included in the experiment dealing with hydrogen sulfide. 
The ammonium radical takes the metallic position in common salts. 
A test for its presence will have been included in the experiment 
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dealing with ammonia gas. The salt being analyzed is mixed with a 
little calcium hydroxide and heated. The characteristic odor of ammonia 
indicates its presence. A. piece of moist red litmus held above the 
heated mixture will turn blue. 
TA,BLE VIII 


















• •• Chocolate brown 
1'Vhite 
Tests for nonmetals a.nd nonmetallic radicals which also will have 
been included in other experiments will be given in brief statements. 
Test for a chloride: To the unknown in solution some silver nitrate 
solution is added. A precipitate which turns purple in the sunlight 
and is insoluble in nitric acid indicates the presence of a chloride. 
Test for a bromide; To the unknown in solution is added some 
carbon tetrachloride and chlorine water. The mixture is shaken and 
then set aside. An amber color in the bottom layer shovrs that free 
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bromine has "been liberated from a bromide. 
Test for an iodide: Test as for bromide is repeated. A violet 
color in carbon tetrachloride layer indicates free iodine from ~n iodide. 
Test for a sulfide: To some of the solid unknown (most sulfides 
are insoluble in water) is added a few drops of dilute hydrochloric 
acid. The odo:r of hydrogen sulfide gas shovrs the presence of a sulfide. 
The gas turns lead acetate paper a metallic black. 
Test for a sulfate: To the unknown in solution is added a little 
barium chloride solution. A white precipitate which is insoluble in 
hydrochloric acid shows the presence of a sulfate. 
Test for a sulfite: To the solid unknown is added a little hydro-
chloric acid. The suffocating odor of sulfur dioxide indicates the 
presence of a sulfite. The gas will decolorize a dilute solution of 
potassium permanganate. 
Test for a carbonate: To some of the solid unlmown is added a 
little hydrochloric acid. T!1e evolution of carbon dioxide gas which, 
when passed into limewater, causes it to turn milky shows the presence 
of a carbona.te. 
Test for a nitrate: To some of the un_l<:novm in solution is added 
some freshly prepared ferrous sulfate solution. A little concentrated 
sulfuric acid is carefully poured dovm the side of the tilted test 
tube. A brown rin§:; formed betvrnen the t,vo layers indicates the presence 
of a nitrate. 
:Procedure: The student is given a salt in solution or in the 
solid state and asked to analyze it by using the test procedures for 
metals (and the ammonium radical) a:i.d for nonmetallic elements or 
radicals of acids. As each salt is correctly reported, the student 
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is given. another one to analyze. Most instructors set aside three or 
four laboratory periods for identification of unknowns and allow stu-
dents to analyze as many as they have time for. 
Recommendations: If the laboratory manual being used does not 
have a review of all the tests in one place, the student should compile 
such a review of these tests, based on a list given by the teacher. 
The tests are then run in systematic order. 
Conclusion 
As st.ated before, this is a recommended minimum of analytical work. 
Most instructors will want to include .food tests and fiber tests in 
the .first year chemistry course. Some will feel that these bvo tests 
should be included in the recommended minillD..lm. 
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